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is consistent with previous measurements of 1/F Tq* in AlEr films, in which the Er is a pair-breaking magnetic impurity, and with the Schmid-Schon theory.
The measured magnitude of b is in good agreement with the value expected from measured sample parameters. As with the data on AlEr, the measured value of b is not consistent with results based on a numerical solution of the Boltzmann equation.
2.
I. INTRODUCTION
In an earlier paper 1 (LC) we reported measurements of the chargeimbalance relaxation 2 ' 3 rate, 1/F*TQ*, in Al doped with varying concentrations of a pair-breaking magnetic impurity~ Er. The presence of the Er greatly enhances the relaxation rate because it allows branch crossing through elastic spin~flip scattering of quasiparticles.
LC compared their results with the Schmid-Sch6n 4 (SS) prediction, which is valid near the transition temperature Tc: In the temperature range 0. 2 ~ Mk 8 T c ~ l. 4 and for 3 ~ TE/Ts :S 400, the * measured value of 1/F Tq* was a ~niversal function of 6/kBTc. -That is, the dependence on 6/kBTc was the same for all values of TE/Ts. Further-* more, l/F tq* was proportional to 6/kBTc for 6/kBTc ~ 0.8, and, at fixed where .e. is the electron mean free path, d is the film thickness, SS result and the numerical calculations. Section IV contains a summary and our conclusions.
II. THEORETICAL BACKGROUND
A detailed discussion of charge-imbalance generation and detection and of the Boltzmann equation used to compute the charge-relaxation rate can be found in Refs. 9 and 1. Here we give only the essential results.
We consider an experimental arrangement consisting of three metal films that form two overlapping tunnel junctions. When a turrent I; is passed through one junction, the injector, a steady-state charge imbalance is created in the middle f.ilm. The charge imbalance generates a voltage,
Vd~ that is detected by the second junction, the detector. The charge- We now turn to a brief discussion of the Boltzmann equation for a steady-state spatially uniform charge imbalance 1 • 9 : ( 2. 5) In this equation, f is the quasiparticle distribution function, E = ±(E 7.
III. EXPERIMENTAL PROCEDURES AND RESULTS

A. Procedures
We used a similar sample configuration to the one used by LC with the following changes (Inset, Fig. 2 ). ·The AlEr film was replaced with an Al film about 130 nm thick with the electron mean free path reduced by evaporation in.an oxygen atmosphere. A supercurrent was applied to the Al strip via superconducting wires attached to the Pb tabs.
To increase the uniformity of the supercurrent across the Al film, we sputtered a 500 nm Nb ground plane 12 onto the substrate befor~ depositing the sample. The Nb film was anodized and covered with about 200 nm of SiD and 30 nm of Ge. We believe that the current density was relatively uniform across the strip, except within -300 nm of the edges, where it was somewhat higher. Furthermore, for the dirty films studied here, the penetration depth was comparable with the film thickness, so that the supercurrent should have been nearly uniform through the thickness of the film.
The electrical measurements were the same as those described by LC, except that at a number of temperatures in the range 0.7 to 0.9 Tc' we measured Vd(Is) as a function of supercurrent for fixed I 1 .
B. Results
We report results on the two best samples of the three in * which we have observed an increase in 1/F TQ* with increasing Is. The sample parameters are listed in Table I . The order parameter, 6 . , fo 11 owed the BCS l7 temperature dependence to an accuracy of ±3% to within a few mK of Tc. The normalized lm-1-voltage conductance of the detector junction was larger than predicted 18 , but never by more than 10%.
This discrepancy does not lead to an error provided the experimental value is used in Eq. (2.1) to determine l/F\ 0 *. The maximum attainable value of -rE/-rs ranged from 0.1 (0.9) at T/Tc = 0.78 (0.70) to 0.01 (0.04) at T/Tc = 0.91 (0.89) for sample 1 (2). As T increased above about 0.9 Tc,the maximum value of Is dropped abruptly to a valu~ too small to have an appreciable effect on the detected voltage.
We do not understand the reason for this sharp decrease.
A representative plot of Vd(Is) vs. Is for sample 2 is shown in We consider this to be satisfactory agreement in view of the uncertainties in the values o~f vF' \ (0), and pl taken from the 1 iterature, and in the measured value of TE' all of which are required to calculate bss.
The temperature dependence of bss, and hence bmeas, was entirely consistent * with our. measurements of 1/F -rq* in AlEr, in which the pair breaking was due to magnetic impurities. As with the measurements on AlEr, the temperature deoendence predicted by the numerical solution of the Boltzmann equation disagreed significantly with the data. We conclude that this disagreement involves the present understanding of the effect of pair breaking on charge-imbalance relaxation in general, and not the effect of any pair-breaking mechanism in particular. It is to be hoped that the source of this discrepancy will be investigated theoretically. 14.
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